












































































esulting in a c
n laser beam 
ntional piezo
s of 20-40 MH
ctly upon PA
a with referenc












s the planar F
his offers the 





ure 1: FP sen




z) and a wide 
 image quality
e to peak (3σ
ean squared (








 to ≈1 cm. Pl
y an order-of
s of the FP se
rs are describ







sor based PA i
P sensor [7] i
modulation in 
e plane of the
ors is that it 
directivity due
. The sensitiv

























s one in which
its reflectivity
 sensor. The a
provides a hig
 to the small (


















 on optical r
sonators [2], f
 (figure adapt
 an incident a










l C. Beard 
sity College
 images but b
sensors elimi
 the highly fa
























btained in a t
ensors provid
 (e.g. 2-3cm) 








t size, both of 

























Photons Plus Ultrasound: Imaging and Sensing 2017, edited by Alexander A. Oraevsky, Lihong V. Wang, Proc.
of SPIE Vol. 10064, 100641V · © 2017 SPIE · CCC code: 1605-7422/17/$18 · doi: 10.1117/12.2249993
Proc. of SPIE Vol. 10064  100641V-1

























































    To inve
sensors, a t
    The pha
composed 
i.e. μeff = 
diameter o
comparabl




    The pha






nt in NEP bu
-off inside the
























1.5 cm-1; an a
f 580 µm and 




r human skin 
ntom was ima
mPa/√Hz. The
2D array of 
e (TDS5K, Te
stics the FP s
pth of ≈10 mm
 range of av
t this is limited
 FP spacer [9
sensitivity. 
(a) planar FP 





 responds to t
ndwidths and 
 a 9 MHz -3dB
th and NEP 
r the planar F
irectivity as th









 was imaged i






cy (PRF) of 2
ded to Ø10 m
[13]. 
ged using a 25




 [8]. There is
ailable precli










<3 Pa (1.6 m
P sensor. In ad
e FP sensor as
ymer layer (fig
hen used for










t 750 nm. 
pled 1064 nm
0 Hz and a pu
m yielding a 
0 µm thick m
ixed in positio
ors imaging a




ent nature of 
n in figure 2
oncave micror
l microresona
 trip in the s
 in figure 2b. 
flectance and
gral of the ac
 be fabricated
nd NEP <10 P
Pa/√Hz) [11]
dition to high
 they are acou
ure 2) with m
 PA imaging





e. Figure 3 sho
e tubes arran
. At 1064 nm t






















. The latter r
er sensitivity t
stically identic
irrors that are 
 the planocon
ith significan











 of 18 mJ/cm
sensor with a 
ntom was me
m. Acoustic 









n it was foun
ess [11], the
his trade-off 
, we have pre
z) and a 340 µ
epresents an 
he microreson







ic of the exper
 in a liquid 
d µa = 0.12 cm
he tubes had
tion of µa = 3
(Minilite, Con
 energy at the




as 41 mm by
es of tissue w
m depth as it 
uires a sign
m which enco
s to limit the 
eam walk-off 
 with a curve
beam walk-of
d that NEP co















-1 and µs’ = 6
 an inner and
 cm-1 (at 1064
tinuum Lasers
 fibre output w
aximum perm
th of 4 MHz a
nned in 2D so
ere acquired 
































 as to 
by an 
ed  in 
Proc. of SPIE Vol. 10064  100641V-2










































(a) an FP s




    In the FP
noise floor
imaging de
0 µm and 200
comparison an
ges were reco
h a low pass f
cted to a 1D fl
. 
2D cross-secti
ensor and (b) a
ed to typical P




. By contrast i
pth. 
 µm. No signa
d the scan was
Figur
nstructed by 






f the tubes to
e size of the sc














the top 3 tubes
onator image a
s used. The m
ntal phantom 
using K-wave
al to the -3dB
visualisation.
ugh 3D PA im
or sensor. Arro
 
 FP sensor bot
ation of limit
nd. The latter
 was limited h
 are clearly vi
ll 8 tubes can 
icroresonator 
imaging setup
 [14]. Prior t
 bandwidth of
2D cross-secti




 do not appe
ere by the mec
sible and the 4











ar in vivo and
hanical scanni
th is just visib
epresents an i
n replaced by 
on waveforms
econstructed im





 the former c
ng setup. 
le above the e











Proc. of SPIE Vol. 10064  100641V-3

































































m deep with 
 was repeated
Experimental 
 images show 
e middle tube
ges are relati
ator image is 
 due to the h






















with no loss in
fidelity and co






f THV of 60
ar FP sensor fo
es obtained u

















aged with a 1
4 (725) µm 
r comparison
sing the FP se
tail. Lateral an
 
ide a sharp, 
 from that of t
es through the







ater (2-3 cm) p








. The results ar
nsor and a 10
d vertical pro
faithful repres
he FP with th







y but in the fu
junction with 
 in vivo imag
resonator. The
diameter. As 





 middle tube 
ator sensors 
ieved 16 mm 
fer the prospec
th. 
ture it is antici
multi-beam in
ing in a reason
 phantom (fig
above, the im









t of in vivo im
















Proc. of SPIE Vol. 10064  100641V-4
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 9/1/2017 Terms of Use: https://spiedigitallibrary.spie.org/ss/TermsOfUse.aspx
  
    It may be also possible to increase sensitivity and penetration depth still further. For instance by fabricating 
sensors using polymers of lower optical absorption to improve finesse [9] or of lower Young’s modulus to increase 
compliance. This would allow even deeper imaging and enable still more challenging applications such as the non-
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